ABSTRACT. Several health benefits have been attributed to conjugated linolenic acid isomers (CLnA). In this study, the diet for Nile tilapia was supplied with pomegranate seed oil (at 2.1%) as source of CLnA. The diet was provided to the fish for 15 and 30 days. The punic acid (40.58-53.77 mg g -1 of total lipids) was incorporated into Nile tilapia fillet after 15 and 30 days of experiment, respectively. When compared to the control diet, the level of total saturated fatty acids in fish were slightly increased. No change in the total amount of monounsaturated fatty acid was observed. The pomegranate seed oil diet was effective in the transference of CLnA to Nile tilapia.
Introduction
The pomegranate (Punica granatum) is cultivated around the world, especially in the Mediterranean area. In Brazil, pomegranate is widely distributed and commonly found in parks and gardens, being used for ornamental purposes and for its medicinal properties (Takata, Silva, Corsato, & Ferreira, 2014) . The pomegranate was commonly used in folk medicine for eliminating parasites, to treat and cure aphtae, ulcers, hemorrhage, microbial infections, and respiratory pathologies (Viuda-Martos, Fernández-López, & Pérez-Álvarez, 2010) . According to Aviram and Rosenblat (2013) , 50% of the fruit is edible. The edible parts of pomegranate fruits are consumed fresh or used for the preparation of fresh juice, canned beverages, jelly, jam, and paste, and it is also used for flavoring and coloring beverage products (Viuda-Martos et al., 2010) . 20% of the edible pomegranate part (seeds) is considered a byproduct, which is obtained during the processing of pomegranate juice (Aviram & Rosenblat, 2013) .
Seeds of pomegranate are a source of conjugated linolenic acid (CLnA). The CLnA is a mixture of positional and geometric isomers of octadecatrienoic acid, and its chain has three conjugated (-C = C-C = C-C = C-) double bonds. In nature, the CLnA isomers are also found in plant seeds, such as bitter gourd (Momordica charantia), catalpa (Catalpa ovata), Chinese cucumber (Trichosanthes kirilowii), jacaranda (Jacaranda mimosifolia), marigold (Calendula officinalis), and tung (Aleurites fordii) (Koba, Belury, & Sugano, 2007) .
The main CLnA found in pomegranate seed oil is the punic or punicic acid (PuA, 18:3 9c, 11t, 13c) . About 70-80% of PuA is present in the total fatty acids of pomegranate seed oil (Koba et al., 2007) . Other constituents of pomegranate seed oil are the conjugated linoleic acid (CLA), linoleic acid (18:2n-6), oleic acid (18:1n-9), stearic acid (18:0), eleostearic acid (18:3 9c, 11t, 13t) and catalpic acid (18:3 9t, 11t, 13c) (Viuda-Martos et al., 2010) .
Studies suggest the use of CLnA from edible plant seeds as a functional food ingredient, and several health benefits including lipid metabolism regulation, anti-carcinogenic, anti-inflammatory and antioxidant activities have been attributed to CLnA isomers (Yuan, Chen, & Li, 2014) . Besides the strong antioxidant activity, pomegranate seed oil has inhibitory effect on breast and skin cancers (Shaygannia, Bahmani, Zamanzad, & Rafieian-Kopaei, 2015) .
Tilapia (including all species) is the second most important group of farmed fish after carps, and the most widely grown among farmed fish (Food and Agriculture Organization of the United Nations). The quality of human food must be sought, and the investigation of the lipid composition of fish is important because it will discriminate the lipid profile of the food and the investigation of the lipid composition of fish is important because it will discriminate the lipid profile of this food, which is frequently consumed by the population. Besides, several studies have been conducted aiming the incorporation of specific fatty acids (as conjugated linolenic acid and gamma-linolenic acid) in fish through supplemented diet (Bonafé et al., 2013; Schneider et al., 2015) , in order to provide these fatty acids to the human diet.
Due to the high availability of pomegranate fruits in Brazil, this study aimed to evaluate the modifications in fatty acid composition and the incorporation of CLnA into tilapia fish fillet, after the fish being fed with diets supplemented with pomegranate seed oil.
Material and methods

Punica granatum seed oil extraction and diet preparation
Pomegranate fruits were harvested in Apucarana, state Paraná. Pomegranate seed oil was extracted in the laboratory. The pulp was separated from the pomegranate rind and squeezed to remove the juice. The seeds were dried in an oven with air circulation at 60ºC for 10 hour. The dried seeds were ground in the mill. Pomegranate seed powder was obtained after sieving the crushed seeds (16-mesh). Then, hexane and pomegranate seed powder (4:1, v w -1 ) were stirred for 3 hour. The mixture was centrifuged for 10 min (18,000 g) and then the solvent was vacuum-evaporated at 36-38 ºC to obtain the pomegranate seed oil.
As shown in Table 1 , the supplemented diet was prepared containing pomegranate seed oil. Soybean oil was used as control. The ingredients were milled, sieved, mixed with water to obtain the pellets (3 mm of diameter), and dried in an oven with air circulation at 55ºC for 10 hour, according to Schneider et al. (2015) . The pellets were vacuum-packed, protected from light and kept at -18 ºC until use in fish feeding.
Trial
All Ethical Principles, Protocols and Regulations on Experimentation with Laboratory Animals were used according to the standards established internationally and by the approved project by the Institutional Ethics Committee of State University of Maringá (UEM), the Ethics Committee on Animal Use in Experimentation (Ceae)/UEM. 120 fish (Nile tilapia) were obtained from Fish Experimental Station UEM/Codapar, located in Floriano District of Maringá, state Paraná, with initial average weight of 12.00 ± 1.00 g. Trial and fish sampling were similar to the one reported by Schneider et al. (2015) and each treatment was conducted in duplicate. Fish were fed with the same control diet containing soybean oil at 2.1% for adaptation to the new conditions for 7 days. On the 8 th day, the initial treatment was established. Then, tanks were divided randomly (two tanks remained with control diet whole two tanks were submitted to pomegranate seed oil diet). Fish were fed twice a day for 30 days. After 15 days, a sample (composed of 12 fish) was removed from each tank. Sequentially, the experiment was carried out for more 15 days, when the period of 30 days was completed. Samples were also performed by collecting 12 fish per tank. Fish were euthanized with a lidocaine overdose (10 g L -1
). The samples were disemboweled, washed, filleted, vacuum packed in polyethylene bags and stored at -18°C for later analysis (Schneider et al., 2015) . 
Analyses
Analyses of proximate composition of the feed diets were carried out in triplicate. Total lipids were extracted by the Bligh and Dyer method and moisture, ash, and protein contents were determined in accordance with the Association of Official Analytical Chemists (AOAC, 1995) .
Total lipids were extracted from the tilapia fillet according to Bligh and Dyer (1959) . Fatty acid methyl esters were prepared by methylation (Hartman & Lago, 1973) and modified by Maia and Rodriguez-Amaya (1993) . Methyl esters were separated by gas chromatography in a Thermo model Trace Ultra 3300 equipped with a flame ionization detector and a cyanopropyl capillary column (100 m x 0.25 i.d., 0.25 μm film thickness, CP-7420) (Martin, Oliveira, Visentainer, Matsushita, & Souza, 2008) . The gas flow rates used were 1.2 mL min -1 carrier gas (H 2 ); 30 mL min -1 makeup gas (N 2 ); 35 and 350 mL min -1 flame gases (H 2 and synthetic air, respectively). The sample (2 μL) splitting ratio was 1:80. Operating parameters were as follows: detector temperature, 240ºC; injection port temperature, 230ºC. Initially, the column temperature was maintained at 165ºC for 7 min. It was then raised to 185ºC, at a rate of 4ºC min -1 , and kept at this temperature for 4.67 min. After this period, it was once again raised to 235ºC at a rate of 6ºC min -1 and maintained for 5 min, totaling 30 min of chromatographic run. Analyses were carried out in triplicate. Peak areas were determined by the Software Chromquest 5.0. Fatty acids were quantified against tricosanoic acid methyl ester (Sigma, St. Louis, MO, USA) as an internal standard, as described by Joseph and Ackman (1992) . Theoretical FID (flame ionization detector) correction factor values were used to calculate fatty acid concentration values in mg g -1 of total lipids with Equation 1, according to Visentainer (2012) :
where: FA is mg of fatty acids per g of total lipids, A X is the peak area (fatty acids), A IS is the peak area of internal standard methyl ester of tricosanoic acid (23:0), W IS is the internal standard weight (mg) added to the sample, W X is the sample weight (g), CF X is the theoretical correction factor, and CF AE is the conversion factor necessary to express results as mg of fatty acids rather than as methyl esters.
For identification of fatty acids, the retention times of the common fatty acids (not conjugated) were compared to those of standard methyl esters (Sigma, St. Louis, MO, USA). The observed area (size) and retention time of the main fatty acid of pomegranate seed oil was defined as PuA. The oil chromatogram and respective diet/fish chromatograms were compared. As a result, PuA was identified. Smaller peaks close to the main conjugated fatty acid were identified as 'possible conjugated isomers of 18:3'.
Statistica
The results (triplicate) were submitted to variance analysis (ANOVA) at 5% significance level with Statistica software version 8.0 (Statsoft, USA) and means were compared by t test and Tukey's test. Table 2 shows the proximate composition of the diets supplemented with pomegranate seed and soybean oils. Statistically (at 5% of significance), the same values of crude protein and total lipids were determined in the both diets, which is desirable in conducting an experiment.
Results and discussion
As expected, the main difference between PSO and SO diets was the CLnA composition (Table 3 ). The PuA, from pomegranate seed oil, was the most found among the conjugated fatty acids in PSO diet (172.75 mg g of total lipids, including the β-eleosteric acid and three more unidentified CLnA isomers.
Total saturated fatty acids (SFA), total monounsaturated fatty acids (MUFA), total omega-6 (n-6) and total omega-3 (n-3) were higher in the control diet that used soybean oil. However, the total polyunsaturated fatty acids (PUFA) was higher in the PSO diet. Table 4 shows the fatty acid composition of Nile tilapia submitted to the treatment with pomegranate seed oil. Some studies aim to increase the levels of essential fatty acids (as n-3 fatty acids) in fish through supplemented diet (Carbonera et al., 2014; . However, the diet added with pomegranate seed oil presented lower levels of essential fatty acids, when compared to the soybean oil diet. Results expressed as mean ± S.D. of three replicates. Values with same letter in the same row are not significantly different (at 5% of significance) by t test. PSO: pomegranate seed oil; SO: soybean oil. PCI: possible conjugated isomers. SFA: total saturated fatty acid; MUFA: total monounsaturated fatty acid; PUFA: total polyunsaturated fatty acid; n-6: total omega-6 fatty acids; n-3: total omega-3 fatty acids; CLnA: total conjugated linolenic acid.
It should be highlighted that 15 days of treatment were effective in incorporating significant amounts of PuA into fish lipids. The first 15 days of treatment with pomegranate seed oil incorporated 40.58 mg PuA g -1 of total lipids, while 30 days was responsible for the transference of 53.77 mg PuA g -1 of total lipids to the Nile tilapia fillet. These values are higher than those reported by Bonafé et al. (2013) , who obtained from 5.37 to 7.44 mg alpha-eleostearic acid g -1 of total lipids in fish fillet, after 30 days of treatment. Regarding the total CLnA (including isomers), the amount varied from 44.01 to 58.30 mg g -1 of total lipids, i.e., The PuA was the more expressive CLnA transferred to the fish, and it represented 92.2% of total CLnA incorporated into fish lipids after 15 or 30 days of treatment. Researchers quantified around 16-24 mg CLnA g -1 of total lipids in tilapia fed with a diet containing CLA + tung oil for 10, 20 and 30 days, included in the total CLnA, the α and β-eleostearic acid and three more unidentified isomers (Bonafé et al., 2013) . In a recent experiment, Bonafé et al. (2017) improved the nutritional quality of Nile tilapia meat through enriched diets with CLnA isomers from tung oil and, after 30 days of treatment, fish fillet incorporated 24.00 g CLnA kg -1 of total lipids. No significant differences were observed in the levels of MUFA at 5% of significance. Total saturated fatty acids were slightly higher in the fish submitted to PSO diet.
The level of PUFA in fish fillet was higher after the treatment with PSO (Table 4) , however, it did not differ from the PUFA value of fish submitted to the control diet after 30 days of experiment (at 5% of significance). Conversely, n-6 and n-3 values in PSO fish were smaller when compared to the SO fish. Table  3 shows the differences in the values of the essential fatty acids linoleic (18:2n-6) and linolenic (18:3n-3) in the formulated diets. These molecules were the unique source of n-6 and n-3 fatty acids for the fish. Bonafé et al. (2017) observed an increase of n-3 fatty acids and a decrease of n-6 fatty acids in fish submitted to tung oil (CLnA) diet after 30 days of treatment. Yasmin, Takeuchi, Hirota, and Ishida (2004) , who evaluated the effect of PuA on the lipid composition of Oncorhynchus mykiss, observed an increase in the oleic acid level and a decrease in the linoleic acid level, but the level of SFA was unaffected by using of 2% PuA in a diet for fish. The results found in the present study demonstrated that PSO diet increased the SFA level and did not alter the MUFA level in fish, as showed in the Table 4 . total monounsaturated fatty acid; PUFA: total polyunsaturated fatty acid; n-6: total omega-6 fatty acids; n-3: total omega-3 fatty acids; CLnA: total conjugated linolenic acid. Nd: not detected. *Possible conjugated isomers.
Other researchers studied the incorporation of CLA in Piaractus mesopotamicus and Pimedolus maculatus. Their results reported the incorporation of 20.18 mg CLA g -1 (of total lipids) in Piaractus mesopotamicus after 49 days of treatment and 12.65 mg CLA g -1 (of total lipids) in Pimedolus maculatus after 50 days of treatment, by using as a feed ingredient a commercial CLA supplement (Zanqui et al., 2013; Barilli et al., 2014) . Compared to these studies, the use of pomegranate seed oil, in a short period of time, as the source of CLnA in fish feeding, provided higher incorporation of CLnA in tilapia.
Conclusion
This research showed satisfactory results in the transference of CLnA to Nile tilapia by using pomegranate seed oil as a diet ingredient. Furthermore, the pomegranate seed oil, as a lipid source in fish feeding, allowed a considerable incorporation of PuA into the fish fillet, consequently improving the fish meat quality. Besides incorporating CLnA, the treatments slightly increased the levels of SFA in the tilapia fillet and did not alter the MUFA levels.
